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WRIST WATCH TYPE GPS RECEIVER 

BACKGROUND OF THE INVENTTON 

The present invention relates to a GPS (Global Position- 
ing System, worldwide positioning system) device for 
receiving waves from a CPS satellite and measuring the 
position of the receiver and the moving .speed. More 
particularly, the present invention relates to a wrist watch 
type GPS device which may be maintained and mounted on 
the a wrist of a human being for measuring bis or her 
position and moving direction. 

CoQvcntionally, in a GPS receiver, as shown in FIG. 6, a 
GPS wave 61 emitted from a GPS satellite is received in die 
GPS receiver 62, the signal is processed at a high speed in 
a GPS received signal processing means 63 sucJi as a 
frequency calculator, an orhit information calculator section 
or the like, and, as a result, the obtained measured data is 
displayed un a GPS data display meami 64. If it is considered 
that such a GPS receiver is worn on the wrist, a receiving . 
posture or posidon of an antenna becomes a problem. A 
conventional technology to keep the posture of the antenna 
in a constant position is shown in FIG. 7. In the prior an 
shown in FIG. 7, an antenna portion 71 and an operating 
section 72 may be integrally connected to each other by a . 
support member 74 having a wave receiving surface 73 of 
the antenna portion 71 supported rotatably within a prede- 
termined angle relative to a horizontal surface H, and, at the 
same time, the gravity position of the antenna portion 71 
may be measured downwardly in the vertical direction 
below the rotational center of the gravity position of the 
antenna portion 71. Also, a weight (balancer) 75 is provided 
below the antenna portion 71, so that the antenna portion 71 
is normaUy kept in the horizontal direction to thereby keep 
the antenna position where the wave may normally be 
received. Such a conventional example is shown in Japanese 
Patent T .aid-Open ApplicaUon No. Hci 4-3.59179. 

In general, in view of the fact that the angle of elevation 
of the antenna at which a signal may be received is 15 device 
or more relative to the horizontal surface, the position of the . 
antenna when the wrist watch type GPS receiver is realized 
becomes a serious problem. In the case where the GPS 
antenna is arranged on the surface that is flush ^ith the 
display means of the GPS receiver, when tbe GPS receiver 
is portable with the WTi.st in a natural posture, the GPS . 
receiver takes an antenna posture in which the GPS receiv- 
ing is impossible. The fact that the normal signal receiving 
operation is perfurmcd in such an antenna posture where ihe 
wave cannul deGnilely be received increases the power 
consumption rate. In panicular, a high speed calculation 
process is required in the GPS received signal processing 
means of the GPS receiver, and an orbit calculating device 
having a very high speed processing ability is also required, 
resulting in an increase in power consumption. The fact that 
the operation of Ihe GPS received signal processing means 
is continued for the antenna posture in which the wave 
cannot definitely be received leads to a large loss. On tbe 
other hand, there has been proposed a method for keeping 
the antenna posture in a constant position when the GPS 
signal is received. However, in order to keep the posture in 
a constant position, it is very difficult to use the device. 

SUMMARY OF THE INVE>rnON 

It is an object of tbe invention to provide a system which 
reduces a power consumption of a wrist watch type GPS 
receiver by reducing a waste power consumption without 
adversely affecting to tbe usage of the device. 
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It is anoiher object of ihc inveotion lo provide a wrisi type 
GPS receiver for reducing ihe power consumpiion caused by 
ihc waaeful measurcmeni opcraiioa wben the wave cannoi 
be received. 

U is a funber object of the invcmioo to provide a system 
which cDbanosi Ibc reUabUity uf the di^ipLay uf the data. 

It is a further object of Ihc iovcaiioo to provide a wrist 
type GPS receiver rcduciog the power coasumption by 
prcvcQtiog a waste mcasurcmcat operation when the user 
takes a motion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a functiuoal block diagram showing a structure 
of a wrist watch type GPS receiver according to Ihe porscnt 
invention; 

FIG. 2 is a diagram showing a specific structure of a wrist 
watch type GPS receiver according to the present invention; 

FIG. 3 is a circuit diagram showing a specific embodiment 
of the antenna posture detecting circuit of the wrist watch 
type GPS receiver according lo the present invention; 

FIG. 4 is an operational timing chart showing a signal 
receiving operation controlling section of the svrisi watch 
type GPS receiver according to the present invention; 

FIG. 5 is a flowchart for Illustrating the operation of the 
signal receiving operation contruUing section of Ihe wrist 
watch type GPS receiver according to the present invention; 

FIG. 6 is a ftmctional block diagram showing a structure 
of a GPS receiver according to the prior art; 

FIG. 7 is a view showing one example of the conventional 
GPS antenna; 

FIG. 8 is a view showing an appearance of the wrist watch 
type GPS receiver according to the present invention; 

FIG. 9 is a functional block diagram showing a typical 
structure of a wrist watch type GPS receiver according to a 
second embodiment of the present invention; 

FIG, 10 is a diagram showing a specific structure of the 
wrist watch type GPS receiver accordiiig" to the second 
embodiment of the present invention; 

FIG. 11 is a flowchart for illustrating the operation of FIG. 
10; and 

FIG. 12 is a flowchart showing a wrist watch type GPS 
receiver uf another modification to the second embodiment 
of the invention. 

DETAILED DESCRIPTION OF THE 
INVEhmON 

In order lo solve the above-noted defects, a GPS receiving 
device according to the present invention is characterized by 
including an antenna posture detecting means for detecting 
antenna posture conditions at which it is impossible to 
receive the GPS wave and at which it is possible to receive 
the GPS wave, a GPS wave receiving operation controlling 
means for temporarily interrupting the wave receiving 
operation until the wave receiving operation is again pos- 
sible in the case where it is impossible for the antenna to 
receive the wave, a GPS receiving means for receiving the 
GPS wave and whose receiving operation is controlled in 
accordance with an output of the GPS wave receiving 
operation controlling means, a received GPS signal process- 
ing means whose received signal is processed on the basis of 
the output of the GPS receiving means, and GPS data 
display means for displaying GPS information outputted 
from the received GPS signal processing means. 
Accordingly, the present invention a structure for reducing 
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power consumpiion caused by the performance of a wasteful 
rae:i:iurcmcni operaliun when Ihc GPS wave cannot be 
received, Funbcrmorc^ ihc operation of the GPS wave 
receiving operation conirnlling mcanN for preventing the 
temporary measurement is interrupted for a constant period 
of time to thereby enhance the reliability of the display of ibe 
data. In the case where it is apparent that the posture of the 
signal reception and the posture of the display are different 
from each other like the wrist watch type GPS receiver 
shown in PIG. 8, an alarm is given after the measurement in 
order to cooiirm the display of the completion of the 
measurement operation without indication of the display. 

In addition to the above-described method to save the 
power consumption by interrupdng the operation of the GPS 
signal receiving means as a result of the posture detecting of 
the antenna, it is also possible to provide a method for 
attaining the same object by intemipiiog the operation of the 
GPS signal receiving means during the user's movement by 
detecting the movement condition of the user. The system is 
characterized by including a body movement detecting 
means for detecting movement (walking or running) of the 
user; movement judgement means forjudging the movement 
of the user on the basis of an output signal of the body 
movement detecting means; a signal receiving operation 
controlling means for controlling a signal receiving opera- 
tion of the GPS receiving means based on the judgement 
result of the movement judgement means; a moving distance 
calculating means for calculating a moving distance of the 
user oa the basis of an output signal of the body movement 
delecting means during a period of time when the GPS 
signal receiving operation is intemipted; and an alarm 
means for providing an alarm lu Ihc user fur a posiliun where 
it is easy for the GPS receiving antenna to receive the wave. 
Thus, the performance of a wasteful measurement operation 
is prevented to thereby save power when the user is walking 
or mnoing. 

FIG. 1 is a functional block diagram showing a structure 
of a wrist watch type GPS receiver according to a first 
embodiment. In FIG. 1, an antenna posture detecting means 
11 detects a wave receiving posture and a receiver operation 
controlling means 12 judges whether or not the recci\nng 
condition of the antenna is possible. The receiver operation 
controlling means 12 controls a GPS receiving means 14 and 
a GPS received signal processing means 13, and prohibits 
Ihc GPS receiver operation in a posture in which the wave 
can not be received by the antenna. In the antenna posture 
where the wave can be received, the GPS receiving means 
14 receives a GPS wave 17. The GPS received signal 
processing means 13 processes the signal outputted from the 
GPS receiving means 14, and outputs the measured data to 
the GPS data display means 15. At the same lime, the GPS 
receiving means 14 outputs a signal representing the mea- 
surement operation compleiion to an alarm means 16. On the 
basis of a signal representative of the signal processing 
completion from the GPS received signal processing means 
13, the alarm means 16 gives the alarm to the user with 
respect to the completion of the position detecting operation. 
The GPS data display means 15 displays the GPS data 
outputted from the GPS receiver signal processing means 
13. 

FIG. 2 is a functional block diagmm showing a spcciGc 
structure. An antetma position detecting circuit 21 will be 
described later with reference to FIG. 3. A signal ouipuiicd 
from the antenna postuire detecting circuit 21 is inputted into 
a CPU (Central Processing Unit) 25. A receiver opcrauon 
controller of the CPU 25 judges whether or not the signal 
receiving is possible. In the case where the signal cannot be 
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received, tt turns oflf ihc GPS receiver 23 and an orbit 
informalion analyzing circuit 24. Tbc orbil infonnatiun 
analyzing circuit 24 is composai of a CPU having a Ui^ 
speed processing ahiliiy and needs a large amouni of electric 
power. Only in ibe case where it is judged by the CPU 25 
that ihc signal may be received, Ihc GPS wave is received by 
the GPS receiver 23, and is processed in the orbil informa- 
lion analyziDg circuit 24 so that the resuit is inpuucd into 
CPU 25. A reference frequency for tbc CPU 25 ts produced 
in a reference frequency generating circuit 26, which outputs 
a frequency signal that is needed for each circuit. A RAM 27 
stores GPS data, timing information and the like. The 
operation of the CPU 25 is programmed in a ROM 28. A 
display drive circuit 29 is a circuit for displaying the GPS 
data, the time and the like, A display device 2a displays the 
GPS data, the time and the like. An alarm drive circuit 2b is 
a circuit for generating a buzzer sound to drive a buzzer 2c. 

FIG. 3 shows a speciCc embodiment of the antenna 
posture delecting circuit. A switch 31 is a posnire detecting 
switch such as a mercury switch which is turned on when the 
signal may be received and mraed oflf when the signal cannot 
be received. One of the terminals is connected to VDD and 
the other is connected to a posture detecting resistor 32 and 
a D terminal of a latch circuit 33. The other terminal of the 
posture detecting resistor 32 is connected to an a-lerminal 
(drain electrode) of an N channel transistor 37. A b -terminal 
(source electrode) of the N channel transistor 37 is con- 
nected to VSS, and a c-terminal (gate electrode) is connected 
to a differential circuit 38 composed of a flip-flop circuit 36 
and an AND gate 35. An output of the differential circuit 38 
is further connected to an input c-tcrminal of the AND gate 
34. An input a-terminal of the AND gale is connected to a 
signal of 256 HzM of tbc reference frequency generating 
circuit, and an output b-tcrminal of the AND gate 34 is 
connected to a C-tcrmioal of the latch circuit 33 to generate 
a clock signal. AQ-signal of tbc latch circuit 33 is connected 
to the CPU. 8 HzQ and 256 HzZ of the reference frequency 
generating circuit are connected to a D-terminal and 
C-terminal of the flip-flop circuit 36 which constitutes the 
differential circuit 38. 

Furthermore, the operation will be explained with refer- 
ence to a timing chart shown in FIG. 4. A pulse having a 
pulse width of 3.9 msec is generated at a cycle of 125 msec 
in the output of the AND gate 35. According to this signal, 
the N channel transistor 37 is kept under the conductive state 
and a current flows to the posmrc delecting switch 31 to 
thereby perform the posture detection of the antenna. At this 
time, in the case where the posture detecting switch 31 is 
turned on, the potential of VDD is generated in the posture 
delecting resistor 32. Also, in the case where the posture 
delecting switch 31 is turned off, the potential of VSS is 
generated in the pusLurc delecting resistor 32. This voltage 
is held or latcheJ at the liming of drop uf Ihc output signal 
of Ibe AND gate 34 in the latch circuit 33 to effect the 
interrupt in the CPU. 

As a result, it is possible to detect the condition of the 
posmre detecting switch 31 at the output signal (125 ms 
interval) of the AND gate 35. Ihus. it is possible to save the 
clcdric power to be consumed in the posture detection. 

FIG. 5 shows an operational flow in which the CPU 25 
prevents the operation of the urbil information analyzing 
circuit 24 and/or the GPS receiver 23 in accordance wiih the 
output signal of the antenna posture delecting circuit 21. 
When the output signal of the antenna posture detecting 
circuit 21 detects a posture in which the position detecting 
operation of the antenna is impossible, an interrupt signal is 
input to the CPU 25. Thereafter, immediately, the CPU 25 
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prevenis ihe operation of ibc GPS receiver 23 and ihe orbit 
infunnaiiun analy^dng drcuil 24 (S51). Tbercaflcr, d timer 
for a certain ooastant period of time is started (S52). 
Immediately after the time-up of ihc timer (S53), Ihe CPU 
checks the output of the antenna posture dctccling circuit 21 
and judges whether or not the antenna takes the position 
which may be measured (S54). In the case where the posture 
cannot be measured, the timer is again sUrted (S52). In the 
case where the posture may be measured, the CPU 25 
re-operates the GPS receiver 23 and the orbit analyzing 
circuit 24 (S55). Upon deicctioo of a postuxc thai may not be 
measured by the antenna, by performing the above- 
described operalion, the series of operations of the GPS 
receiver 23 and'or the orbit information analyzing circuit 24 
is prevented, and the performance of a wasteful measure- 
ment operation is prevented for a constant period of time, to 
thereby save the consumption of the electric power. 

Also, when the position measurement operation is 
restarted (S55), the measurement data outpuited from the 
orbit information analyzing circuit 24 is supplied to the CPU 
25. The CPU 25 sends a signal to the alarm means 16 
composed of the alarm drive circuit 2b and the buzzer 2c to 
give the alarm to the user of the completion of the measure- 
ment operation. By performing such an operation, by the 
user's action to watch the display section 82 during the 
position measurement operation, the antenna elevation angle 
of the GPS receiver antenna 81 at which the signal cannot be 
received is avoided. In particular, this system is available in 
the case where, as shown in FIG. 8, the antenna 81 is 
disposed on a radius bone side (on the side of 6 o'clock of 
the dial of a regular wrist watch) of the wrist, like the wrist 
watch type GPS receiver device, and the posture for receiv- 
ing the wave is apparently different from the posture where 
the u.scr watches the display portion 82, 

IncidenuUy, the mercury switch or the like is exemplified 
as the posmre detecting switch according to the embodiment 
for explaining the present invention. However, it is possible 
to use other means, for example, a combination of sensors 
such as a ground magnetic sensor, a gyro and the like to 
thereby detect the posture with higher precision. It is con- 
sidered that these modifications should be included in the 
scope of the invention. 

Next, another embodiment of a vmsi watch type GPS 
receiver according to the invention will now be described. 
FIG. 9 is a functional block diagraiii showing the typical 
structure of the present invention. 

In FIG. 9, a GE*S receiver means 900 has functions of 
those from the receiver antenna to the position measurement 
calculation. The receiver operalion is controlled by a 
receiver operation controlhng means 901. A body movement 
detecting means 902 detects the movement of the user's 
body and outputs a body movement signal to a movement 
distance calculating means 904. When it is possible to judge 
that the output signal of the body movement detecting means 
902 represents that the user takes a walk (or movement more 
than a walk), an operation judgement means 903 transmits 
a signal representative of the fact that the user Ukcs a 
movement operation. When the signal representative of the 
fact iha the user is in the operational condition is transmitted 
from the operation judgement means 903. the receiver 
operation cuntruUing means 901 slops the receiver operation 
of the GPS receiver means 900. In the same manner, the 
movement distance calculating means 904 calculates the 
movement distance of the user under the requisite ihat the 
user moves in accordance with the movement signal from 
the body movement detecting means 902, and transmits a 
signal 10 an alarm means 905 in the case where the move- 



mem distincc exceeds a predetermined di&iancc. If the 
signal rcprcscuialivc of the fad lhai Ihc user's movcmcni 
di&iaocc exceeds the predetermined amount is inputted from 
the movement distance calculating means 904. the alarm 
means 905 performs the alarm lo the user with rcspca to the 
(JFS receiving. 

FIG. 10 is a fimclion block diagram showing a specific 
structure. The GPS signal receiving means 100 has a func- 
tion from a signal receiving antenna to a measured position 
calculation. Its signal receiving operation is controUcd by 
the CPU 104. The GPS signal receiving means 100 outputs 
the measured positional data such as a position, a velocity 
and the like to the CPU 104. The body movement detecting 
device 101 is composed an accelerator sensor, a comparator 
or a filler circuit, an AJD converter and the like for detecting 
vibrauons or the like that arc generated when the person 
swings his or her arms and steps his or her feet down to the 
ground and for sending its signal to the CPU 104. The CTU 
104 controKs or manages the operation nf the GPS signal 
receiving means 100 in accordance with ihc program of the 
ROM 106. The RAM 105 is connected to tbc CPU 104 as the 
register for the data when tbc CPU 104 operates and stores 
the target position or the like when the guide operation is 
peribrmed. Numeral 102 denotes an input circuit for trans- 
mitting the input signal such as a switch signal to the CPU 
104 Numeral 103 denotes a reference signal generating 
circuit which is composed of a CR generating circuit and the 
like for generating a reference frequency signal for the 
operation of the CPU 104 and the like to thereby output the 
frequencv signal needed for the CPU 104. Reference 
numeral 107 denotes a driver for a display panel 108 for 
displaying a current posiUon, a velocity and the like calcu- 
lated by the CPU 104 on the display panel 108. Reference 
numeral 109 is an alarai device which is composed of a light, 
a buzzer or a vibration alarm using an ultrasonic motor. 

HG. 11 is a flowchart for illustrating the operation of the 
system shown in FIG. 10 in accordance with a second 
embodiment of the invention and shows an operation m the 
case where the user is guided from a current position to a 
registered target position. 

Before the guide operation is started, the user registers the 
target position. In the position which is desired to be 
registered, when the signal representative of the registration 
is sent to the CPU 104 by the input circuit 102, the CPU IW 
stores the coordinates of the position m the RAM 105, 
Alternatively, it is possible lo store the coordmaie data as 
desired by using the input circuit 102. 

At the desired position, when the signal representative of 
the Stan of the guide is fed to the CPU 104 by the input 
circuit 102, the GPS receiving device 100 starts the signal 
receiving operation (5200). When the wave is received and 
the current position is known, subsequently, the distance to 
the target position stored in the RAM 105 and the direction 
thereof arc sought (S201). The result is displayed on the 
display panel 108 (S202). When the wave receivmg condi- 
tion is good (S203). the distance and the direction to the 
target position are again sought (S201). However, when the 
wave receiving condition is not good (S203), it is judged 
whether this is caused b v the action of the user or not (S204). 
In the case where il is judged that this condition is not caused 
by the user's action, Ibe wave is agam received to «ck the 
disunce and the direction to the Urget position (S201). 
Howci-xr. in the ca.se where the condition cau.scd by the 
user's action, the operation for receiving the wave is lem- 
poraiily stopped (S205). 

The judgement as to whether the user is active or not is 
made by the CPU 104 based upon the signal outputted from 
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the body movcmeni detecting means lOl. If the output 
signal of the body movement detecting means 101 is one that 
has been processed in a rectangular wave, the frequency 
thereof is sought to thereby judge whether the user takes a 
walk. Also, if the body movement signal is obtained in the 
form of a digital signal, the signal frequency is analyzed by 
the CPU 104 so that ihc obtained frequency, signal level and 
the like are used for the judgement. If the frequency is stable 
within a predetermined range and the signal level has no 
remarkable change, it is possible to judge thai the user takes 
an action. In this case, the predetermined range of the 
frequency may be determined by experience. For example, 
if the number of the output signals from the body movement 
detecting means 101 is in the range of about 90 to 130 per 
minute and the frequency is stable, it is po.ssible to judge that 
the user is walking. 

When the user keeps walking while the wave receiving 
operation is kept under the temporary stop condition (S205) 
and he or she reaches a predetermined constant distance 
(S206), the moving direction should be confirmed or cor- 
rected. Accordingly, the alarm device 109 gives an alarm to 
the user to urge him or her to receive the GPS wave (S207). 
At the same time, since the wave receiving re-start signal is 
fed to the GPS receiving meaas 100, when the user moves 
the GPS receiving device to a position where it is easy to 
receive the wave, the wave receiving operation is rc-started 
(3200). 

The walking distance of the user may be obtained in 
accordance with a frequency of the body movement signal 
obtained from the body movement detecting means 101 and 
time information obtained based upon the signal of the 
reference signal generating means 103 by setting the walk- 
ing step length of the iiser in advance. The setting operation 
of the walking step length is performed by the input circuit 
102 before starting the guide operation. 

In the case where the user has tried to receive the wave 
during the interrupt of the wave receiving operation even if 
he or she does not reach the constant distance, this is judged 
that the user is not walking (S204), and the wave receiving 
operation is re -started. Accordingly, the user may confirm or 
correct the moving direction at any desired position. 

Any desired constant distance through which the user has 
advanced may be registered by the input circuit 102 case by 
case at any time. 

Incidcntallv, c\'cn if the wave receiving condition is good, 
it is possible to .save the power consumption by intcrmit- 
tcndy recciWng the GPS wave by setting the constant 
distance and time in ad\'ance. 

When Ibc user has been guided to the target position, or 
when the finish signal is inputted from the input circuit 102 
(S208), the guide operation is completed. 

The operation of a wrist watch type GPS receiver in 
acconJancc with a modification lo the second embodiment of 
the invention will now be described with reference to FIG. 
12. The main stmcture is common with that of the second 
embodiment. However, in this embodiment, a timing means 
is included for measuring lime when the user is walking and 
the wave receiving operation is interrupted. 

The difference from the embodiment described above in 
conjunction with FiG. 11 is that an interval from the time 
when the wave receiving operation is stopped lo the time 
when the wave is again received is controlled by the period 
of time. 

When the signal representative of the guide start is fed 
from the input circuit 102 to the CPU 104, the GPS receiving 
means 100 starts the wave receiving operation (S200). Next, 
the timer is stopped (in the case where the timer is already 
stopped, the stop of the timer should be confirmed), and the 



